INTRODUCTION
============

Recently, the popularity of minimally invasive endoluminal treatments, such as endovenous laser ablation (EVLA) and radiofrequency ablation (RFA), for small saphenous vein (SSV) varicosities has increased due to their high success rates and cosmetic benefits. However, endoluminal treatments may require multiple concomitant phlebectomies, which can lead to poor cosmetic results in patients with extensive varicosities. Additionally, the catheter insertion and advancement involved in EVLA or RFA are very difficult in patients with a small-diameter SSV. EVLA and RFA may also be costly for the patient, since these procedures are not covered by the Korean national health insurance program. Thus, patients may not enjoy the cosmetic benefits of EVLA and RFA despite their high cost. With this in mind, we attempted to develop a surgical treatment for small saphenous varicose veins that would result in less morbidity and a lower recurrence rate than conventional saphenopopliteal surgery.

Although saphenopopliteal junction (SPJ) ligation and stripping of the SSV have been the standard treatment for varicose veins associated with saphenopopliteal reflux \[[@b1-kjtcvs-48-398]\], the clinical outcomes of this procedure are worse than those of great saphenous vein (GSV) surgery \[[@b2-kjtcvs-48-398]--[@b5-kjtcvs-48-398]\]. As a result, the surgical approach for SSV varicosities remains controversial and is technically challenging due to anatomical variation, high recurrence rates, and high rates of complications involving nerve injuries \[[@b2-kjtcvs-48-398]--[@b5-kjtcvs-48-398]\]. The role of ligation of the SPJ via formal exposure and the optimal extent of SSV stripping have also been debated. In the current literature, SPJ ligation with extensive stripping of the SSV has been associated with an increased incidence of nerve injury \[[@b6-kjtcvs-48-398]\], while SPJ ligation without stripping has been reported to increase the recurrence of varicose veins \[[@b7-kjtcvs-48-398]\].

We describe a modified surgical technique for SSV varicosities that minimizes neurologic complications and recurrence. The aim of this study was to explore the clinical outcomes of our modified surgical technique, as reflected by improvement in reflux, the recurrence rate, the complication rate, and improvement in preoperative symptoms.

METHODS
=======

This study was approved by the institutional review board of the National Health Insurance Service Ilsan Hospital (suyon-2014-055).

1) Patients
-----------

Between January 2010 and March 2013, a total of 651 patients underwent treatment for varicose veins at National Health Insurance Service Ilsan Hospital. Among them, 74 patients (111 legs) with SSV reflux in the absence of reflux elsewhere in the superficial veins of the ipsilateral leg underwent modified high ligation and segmental stripping of the SSV by a single surgeon. Follow-up data for 62 of these patients (83.7%) were available for analysis.

Each patient was clinically assessed and underwent venous duplex ultrasound scanning (DUS) using a LOGIQ5 PRO probe (5--12 MHz linear probe; GE HealthCare, Sungnam, Korea) by the operating surgeon in an outpatient setting to determine the sites of venous reflux. Clinical severity was objectively categorized according to the clinical, etiological, anatomic, and pathophysiological (CEAP) aspects of each case. DUS was performed with the patient in the standing position, and reflux was defined as reversed venous flow for greater than 0.5 seconds after a distal augmentation maneuver. All patients with isolated small saphenous varicose veins and DUS-proven reflux underwent modified high ligation and segmental stripping with the avulsion of varicose tributaries. The exclusion criteria for this study were: (1) patients who had previously undergone surgical intervention (surgery, EVLA, or RFA) or sclerotherapy for varicose veins of the ipsilateral leg, and (2) GSV reflux and deep venous incompetence of the ipsilateral leg on DUS examination.

After the presence of SSV reflux was confirmed, the patients were scheduled for modified high ligation and segmental stripping of the SSV varicosities. All patients were treated in the hospital according to the established schedule of the Diagnosis-Related Group of the Korean National Health Insurance Service.

2) Procedure
------------

Prior to the operation, the range of the visible tributary varicosities was meticulously outlined with the patient in the standing position. All operations were performed under spinal anesthesia with the patient in the prone position with a support pad under the ankle. The course of the SSV from the mid-calf to the point where the SSV bends anteriorly to join with the popliteal vein was marked under ultrasound guidance by the surgeon. All patients received routine intravenous antibiotics upon induction. Thromboprophylaxis was not administered in any cases. A transverse skin incision approximately 1 cm in length was made at the site that was preoperatively marked. The SSV was identified underneath the fascia, and exteriorized until 1--2 cm of the terminal portion was freed from its perivenous adhesions with a Varady retractor (AESCULAP, Tuttlingen, Germany). The vessel was then ligated at the highest point possible with \#5 silk and divided. If a competent gastrocnemius vein terminated into the SSV, the SSV was ligated below this termination point to avoid the interruption of physiologic drainage. Non-absorbable suture material was placed around the distal SSV and pulled downward to control any bleeding. A pin stripper was inserted into the free end of the distal SSV in the popliteal space and pushed downward. Once the pin stripper was inside, the SSV and stripper were easily localized and grasped with mosquito forceps through a 5-mm longitudinal skin incision at the mid-calf. The pin stripper was then pulled upward by 2--3 cm to exteriorize the SSV, and the distal portion was clamped with mosquito forceps. The pin stripper was then pushed through the SSV. The free end of the SSV at the popliteal space was secured to the head of the pin stripper with non-absorbable sutures. Prior to stripping, tumescent solution (1:100,000 epinephrine in a 500 mL of 0.9% normal saline) was instilled along the SSV under high pressure using a Trivex illuminator (Smith & Nephew, Oklahoma City, OK, USA) to facilitate stripping and prevent hematoma formation. After instillation of this solution, the pin stripper was delivered along with the inverted vein through the incision at the mid-calf ([Fig. 1](#f1-kjtcvs-48-398){ref-type="fig"}). In all patients, 10 cm of the proximal SSV was stripped. Avulsions of varicose tributaries of the SSV were performed using a Varady retractor (AESCULAP) through multiple 2--3 mm incisions and were closed with 3M Steri-strips (3M Healthcare, St. Paul, MN, USA). The two incisions made for stripping the SSV segment were closed with Vicryl \#5--0 sutures (Johnson & Johnson, New Brunswick, NJ, USA) and 3M Steri-strips (3M Healthcare). Compression dressings composed of cotton gauze and adhesive elastic bandages were applied to all wounds. The day after surgery, this dressing was changed to a class I (20--30 mmHg) knee-length graduated support stocking that was worn for approximately 10 days. All of the patients were discharged the day after surgery with a seven-day prescription for non-steroidal anti-inflammatory medication.

Clinical examination and duplex imaging were performed as part of each patient's postoperative follow-up evaluation. The recurrence of varicose veins was defined as the appearance of new varicose veins following surgical treatment. The following DUS criteria were used for defining successful treatment: (1) no reflux at the remaining distal SSV and (2) no neovascularization at the SPJ. Neovascularization was defined as connections between the SPJ and SSV consisting of numerous small, thin-walled serpentine venous tributaries (less than 5 mm in diameter).

RESULTS
=======

A total of 69 legs (62 patients) were included in this study. The patients included 24 men and 38 women, with a median age of 53 years (range, 23 to 77 years). All patients had uncomplicated varicose veins (CEAP clinical class 2). In terms of etiology and pathophysiologic conditions, all patients had primary varicose veins and all showed evidence of reflux in the absence of obstruction. Preoperative subjective symptoms were present in 56 legs (81.2%), as shown in [Table 1](#t1-kjtcvs-48-398){ref-type="table"}. As measured during the preoperative DUS evaluation, the mean diameter of the SSV was 5.0 mm (range, 1.1 to 10.6 mm) and the mean duration of reflux was 2.29 seconds (range, 0.58 to 4.0 seconds). Postoperative complications included paresthesia in five cases (7.2%), which completely resolved without further intervention. No other significant complications, such as deep vein thrombosis, phlebitis, hematoma, or popliteal vein injury, occurred.

The median follow-up period was 35 months (range, 19 to 58 months). No recurrence of varicose veins following surgical treatment was noted. The preoperative symptoms improved in 54 legs (96.4%).

On DUS imaging, three legs (4.3%) exhibited reflux at the remaining distal SSV. One of these patients showed neovascularization at the proximal stump. Two of the three patients (2.9% of all patients) who exhibited reflux at the distal remaining SSV complained of persistent preoperative symptoms such as heaviness, numbness, and swelling, and were treated with ultrasound-guided foam sclerotherapy. One patient with reflux at the distal remaining SSV had no symptoms and refused further treatment.

DISCUSSION
==========

The popliteal fossa has been considered a dangerous area for open dissection due to the risk of injury to the popliteal vein and tibial nerve. The SPJ is located deep, and failure to identify this structure, necessitating extensive dissection, can increase the incidence of major neurovascular injuries. As ligation of the SPJ plays a key role in preventing recurrence in surgery performed for SSV varicosities, failures in the localization and flush ligation of the SPJ are considered to be a chief cause of recurrence of varicose veins \[[@b1-kjtcvs-48-398],[@b4-kjtcvs-48-398],[@b8-kjtcvs-48-398]--[@b10-kjtcvs-48-398]\]. Tong and Royle \[[@b4-kjtcvs-48-398]\] previously reported that recurrence was attributed to an intact incompetent SPJ in 28% of 70 cases of recurrent varicose veins following SSV surgery. However, other studies have shown that flush ligation of the SPJ by formal exploration of the popliteal fossa did not appear to affect outcomes \[[@b7-kjtcvs-48-398]\] and was associated with major complications \[[@b11-kjtcvs-48-398],[@b12-kjtcvs-48-398]\]. Rashid et al. \[[@b12-kjtcvs-48-398]\] reported a low technical success rate (59%) after formal SPJ dissection, with three major complications occurring, including DVT and tearing of the popliteal vein. O'Hare et al. \[[@b7-kjtcvs-48-398]\] found that the type of procedure performed in the popliteal fossa had no effect on the postoperative rate of SSV incompetence. Therefore, contrary to previous beliefs, flush ligation of the SPJ does not seem to be the optimal procedure for the treatment of SSV varicosities, and other surgical approaches to SSV varicosities are therefore needed.

In this study, modified high ligation of the SSV was performed instead of flush ligation of the SPJ. Modified high ligation of the SSV means that ligation of the SSV is performed approximately 2 cm from the SPJ. Typically, the SSV deepens its course as it approaches its union with the popliteal vein. This often appears as a 45-degree bend approximately 2 cm in length. This bend of the SSV at the popliteal fossa was marked under ultrasound guidance prior to surgery. In this study, the 2-cm angled segment was left untreated for two reasons: (1) preservation of the gastrocnemius veins that enter into this segment, and (2) because the tibial nerve enters into close proximity with the SSV at this deeper level. In the literature, clinical recurrence of SSV varicose veins after surgical treatment has been reported to range from 8.6% to 30% \[[@b7-kjtcvs-48-398],[@b11-kjtcvs-48-398],[@b13-kjtcvs-48-398],[@b14-kjtcvs-48-398]\]. The most common cause of recurrence after surgical treatment of the SSV is neovascularization \[[@b15-kjtcvs-48-398],[@b16-kjtcvs-48-398]\]. A prospective long-term clinical study of 127 legs showed that neovascularization was observed in more than half of the legs that exhibited clinical recurrence \[[@b15-kjtcvs-48-398]\]. Neovascularization accounts for 85% of cases of recurrence at the SFJ and 62% of cases of recurrence at the SPJ. In this study, no recurrent varicose veins were observed in any of the patients, and neovascularization at the proximal stump was observed in only one leg (1.4%). The low rate of neovascularization in this study might have been due to preservation of physiologic drainage to the popliteal vein.

Although the benefits of GSV stripping have been demonstrated \[[@b17-kjtcvs-48-398]\], the effect of stripping the SSV remains controversial. A prospective study of 234 legs showed that rates of postoperative numbness were similar whether or not stripping was performed, and that extending SSV stripping to the lower calf significantly reduced the rate of SPJ incompetence on duplex imaging after one year \[[@b7-kjtcvs-48-398]\]. However, the rates of neurologic complications after extended stripping of the SSV ranged from 14.8% to 27.0% \[[@b7-kjtcvs-48-398],[@b11-kjtcvs-48-398],[@b18-kjtcvs-48-398]\], which is much higher than the range of 4.2% to 7.5% observed in cases where EVLA was performed \[[@b13-kjtcvs-48-398],[@b18-kjtcvs-48-398]\]. In this study, stripping was extended to the mid-calf to prevent sural nerve injury. Short-segment stripping (about 10 cm) of the SSV leaves the distal SSV, which otherwise might cause incompetence in the distal calf. Although extending the stripping to the low calf might reduce the rate of incompetence in the distal calf, it may also increase the likelihood of damage to the sural nerve. It is not known whether the remaining incompetent distal SSV increases the risk of recurrent varicose veins in the future. In this study, three legs (4.3%) showed incompetence in the distal SSV, although no evidence of recurrent varicose veins was found. Incompetence in the distal calf was treated by ultrasound-guided foam sclerotherapy in the two symptomatic cases.

Neurologic complications only occurred in five patients (5/69, 7.5%), each of whom experienced paresthesia, which can develop due to multiple phlebectomies or stripping. These symptoms improved in all five patients without further intervention. The rate of neurologic complications in this study was significantly lower than that of previous studies that have utilized surgical treatment \[[@b7-kjtcvs-48-398],[@b11-kjtcvs-48-398],[@b18-kjtcvs-48-398]\], and is comparable to the results seen with the use of EVLA \[[@b13-kjtcvs-48-398],[@b18-kjtcvs-48-398]\]. This may have been due to minimal dissection resulting from the precise localization of the SSV, as well as short segment stripping to the mid-calf.

In conclusion, without flush ligation of the SPJ, modified high ligation and segment stripping of the SSV with preoperative duplex marking is a safe and effective treatment for SSV varicosities and reduces postoperative complications and recurrent SSV incompetence. Although a relatively small number of cases were included in this study, the results are promising. Further evaluation of this technique in the form of a randomized controlled trial is needed.
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![Schematic illustration of the operative procedure. (A) Small saphenous vein was ligated with silk\#5 below the termination of a competent gastrocnemius vein and divided. A pin stripper was inserted into the free end of the distal SSV and pushed downward. (B, C) The SSV and stripper were easily localized and grasped with mosquito forceps through a incision at the mid-calf. (D) The pin stripper was then pulled upward 2--3 cm to exteriorize the SSV and the distal portion was clamped with mosquito forceps. (E) The pin stripper was then pushed through the SSV. (F) The pin stripper was delivered along with the inverted vein through the incision at the mid-calf. SSV, small saphenous vein.](kjtcvs-48-398f1){#f1-kjtcvs-48-398}
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Preoperative symptoms

  Symptoms    No. of patients (%)
  ----------- ---------------------
  Numbness    33 (47.8)
  Pain        27 (39.1)
  Heaviness   26 (37.7)
  Swelling    12 (21.7)
  Itching     4 (7.2)
